Determination of the binding site on the extracellular domain of guanylyl cyclase C to heat-stable enterotoxin.
Guanylyl cyclase C, one of the family of membrane-bound guanylyl cyclases, consists of an extracellular domain and an intracellular domain, which are connected by a single transmembrane polypeptide. The extracellular domain binds unique small polypeptides with high specificity, which include the endogenous peptide hormones, guanylin and uroguanylin, as well as an exogenous enterotoxigenic peptide, heat-stable enterotoxin, secreted by pathogenic Escherichia coli. Information on this specific binding is propagated into the intracellular domain, followed by the synthesis of cGMP, a second messenger that regulates a variety of intracellular physiological processes. This study reports the design of a photoaffinity labeled analog of heat-stable enterotoxin (biotinyl-(AC(5))(2)-[Gly(4), Pap(11)]STp(4-17)), which incorporates a Pap residue (p-azidophenylalanine) at position 11 and a biotin moiety at the N terminus, and the use of this analog to determine the ligand-binding region of the extracellular domain of guanylyl cyclase C. The endoproteinase Lys-C digestion of the extracellular domain, which was covalently labeled by this ligand, and mass spectrometric analyses of the digest revealed that the ligand specifically binds to the region (residue 387 to residue 393) of guanylyl cyclase C. This region is localized close to the transmembrane portion of guanylyl cyclase C on the external cellular surface. This result was further confirmed by characterization of site-directed mutants of guanylyl cyclase C in which each amino acid residue was substituted by an Ala residue instead of residues normally located in the region. This experiment provides the first direct demonstration of the ligand-binding site of guanylyl cyclase C and will contribute toward an understanding of the receptor recognition of a ligand and the modeling of the interaction of the receptor and its ligand at the molecular level.